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ChapterlIntroduction
Phosphogypsum(PG)isobtainedasaby-productwhenphosphoricacidisproducedfromrock
phosphate,anditprimarilycompriseshydratedgypsum(CaSO4.2HZO).Duringtheprocessofwet
phosphoricacidproduction,severaltimesofPGisproducedalongwiththeendproduct;therefore,
alargedepositofPGstillremainsinoffactories.PGcomprisesonlyaround4%ofthetotal
agriculturaluseinafewcountriesorareas,whileitsworldproductionisestimatedtobe
approximately125millionMg/year(Rechigl1995).Therefore,theagriculturaluseofPGisvery
importantfromtheviewpointofthestablereuseofindustrialby-products.
Theagriculturaluseofgypsumhasbeenprimarilyexaminedtoascertaintheimprovementinthe
chemicalandphysicalpropertiesofdeterioratedsoils.PGhasbeenusedasaneffectiveameliorant
forsubsoilacidityinacidicandlowbasestatussoils,i.e.,OxisolsandUltisols(ShainbergIetal.
1989).Moreover,itiswellknownthatgypsumapplicationsuppressessoildispersioninsodicsoils
(HarrisonWJetal.1992).SinceSaigusaetal.(1991)reportedthatPGisanefifectiveameliorant
forsubsoilacidityinnon-allophanicAndosols,manyexperimentalstudiesontheagriculturaluseof
PGhavebeenconductedinJapan,particularlyforimprovingsulfurnutritioninOrchardgrass,
controllingthedecompositionofricestrawmanure,andimprovingthecalcium(Ca)nutritionand
constrainteffectoftherussetscabinpotato(TomaMetal.1995,1997,andTomaMandSaigusa
M1997).However,inJapan,moststudiesontheeffectofPGapplicationhavebeenconducted
us血gnonaUophanicAndosols,afbwstudieshavebeenconductedona11uvialsoilsandterracesoils.
Therefore,itisnecessarytoexaminetheeffectofPGinothersoiltypes,particularlyinallophonic
AndosolsandothersoilsdistributedinalluvialareassuchasInceptisolsandEntisols.
LeachingofthebasesuchasCaandtheresultingsoilacidityareproblemsthatoccurinAndosols.
Therefore,inJapan,limingisperformedbyusingcalciumcarbonateordolomite.However,theydo
notsupplyasufficientamountofCatocropsduetoitsslightsolubility.SincePGismoderately
'
solubleinwater(0.2gL一')incomparisonwithcalciumcarbonateorcalciumchloride,itisa
promisingCasourceforcropsthatrequirealargeamountofCa.Althoughmanyattemptshave
beenmadetodeterminetheamountofPGrequiredsupplyingCatocrops,fewstudieshavebeen
conductedwithafocusongrowthresponsesuchasrootdevelopment.Inadditiontothesupplyof
Ca,itisexpectedthatPGapplicationcanimprovethephysicalpropertiesofthesoilsforupland
cropsconvertedfrompaddyfields.Inaddition,itisalsonecessarytoclarifytheeffectofPGina
paddyfieldmainlydistributedinanalluvialareabecausethesoilsconvertedfrompaddyfields
rotationallyagainreconverttopaddyfields.
Therefore,inordertoclarifytheeffectofPGapplicationonAndosolsandothersoilsdistributed
inanalluvialarea,whicharewidelydistributedinJapan,thefollowingexaminationswere
conductedbyconsideringtherelationshipbetweenthechangesinboththechemicalandphysical
propertiesofthesoilsandcropgrowthwithspecialreferencetotheirrootgrowth.
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Chapter2Effectofphospho.gypsum叩plic劉tion.『onthec血emic31
propertiesofalluvialsoilsandterracesoils
ItisnecessarytoexaminethebasicreactionofPGinthesoil,particularlyinthealluvialand
terracesoilssuch-asInceptisolsandEntisolsinJapanbecausetheinformationonthesesoilsis
limited.Therefore,thechangesinsoilpHafterPGapplicationwereexaminedwithspecial
referencetotheacidic-characterofthesoil.Tencultivatedsoilsamples,whichwereclassifiedinto
alluvialandterracesoils,wereusedinthisexperiment.PGwasappliedattheratesofO,1.0,2.0,
4.0,and8.Ogkg一'airdrysoil.
AlthoughthesoilpHdecreasedinproportiontotheapplicationrateofPGregardlessofthesoil
types(Fig.1).Therewasasignificantnegativecorrelationbetweentheapparentdecreaseinthesoil
pHandtheamountofconstantchargeinthesoilatthe5%level(Fig.2).Inaddition,theincreaseof
theA13+concentrationinthesoilsolutionswithPGapplicationwaslessthan9%ofthedecreaseof
bothexchangeableAlandylinallthesoilstested.Therefore,itindicatesthattheAlreleasedcould
beirreversiblychangedtootherfb㎜s・suchaspolymerizedA1,asprevio囎lyrepo就edon
non-allophanicAndosols.
Ch叩ter3ReactionofpbosphogypsuminAndisolsanditseffbcton
cropgrowth
Section3-1Evaluationofplant-availablecalcium
ExchangeableCadoesnotnecessarilycorrelatewithCauptakebycrops.Therefore,inorderto
evaluateCaavailabilitytoplants,theeffectofPGapplicationonthechemicalpropertiesofsoiland
CauptakebyKomatsuna(BrassicarapaL.cv.Natsurakuten)wasexaminedincomparisonwith
thatofcalciumcarbonatewithspecialreferencetobothexchangeableandwater-solubleCainthe
soil.
ExchangeableCaincreasedinasimilarmannerinboththecalciumcarbonateandPGplots.On
theotherhand,water-sol血bleCaincreasedinproportiontothePG.applicationrate(Fig.3),andthe
maximumincreasewasapproximatelystimeshigherthanthatobservedincalciumcarbonateplot.
InKomatsunaplant,PGapplicationaffectedtherootgrowthmuchstrongerthanthetopgrowth;
thefreshweightofrootsgrowninPGplots-was6%一31%greaterthanthatofrootsgrownin
calciumcarbonatewhenthesameamountofCaOwasapplied.TheCacontentofKomatsunaplants
growninPGplotswasgreaterthanthatincalciumcarbonateplots.Addingtothis,Cauptakeby
Komatsunaplantwascloselycorrelatedtothewater-solubleCacontent(r2=0.8461)ofthesoilin
comparisonwiththeextractableCacontent(r2=0.4832)ofthesoil(Fig.4);Therefore;it.was
clarifiedthatwater-solubleCawasmoresuitableasanindexforplant-availableCathan
exchangeableCainsoil.
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Section3-2ReactionofPGinAndisolswithdifferentcolloidalcomponents
InSection3-1;itwasclarifiedthatPGapplicationtoallophanicAndosolswasaneffective
methodforsupplyingCatocropsandtheevaluationofplant-available-Cabecamepossibleby
measuringthewater-solubleCainthesoiLHowever,itwasalsopred董ctedthatthee脆ctivenessof
PGapplicationonsupplyingCawouldbeaffectedbythecolloidalcomponentsinAndosols.
Therefore,inthissection,theeffectofCasupplyinAndosolswithdifferentcolloidalcomponents
wasexaminedwithspecialreferencetowater-solubleCa.FivevirginAndosolswithdifferent
inorganicandorganiccolloidalcomponentswereusedinthisexperiment:PGwasappliedtothe
soilsattheratesofO,0.3,0.6,and1.2CaOgkg'.
Inallthesoilsamples,thewater-solubleCacontentincreasedwithanincreaseinthePG
applicationrate;however,theincrementdifferedamongthesoiltypes(Fig.S).Theincrementinthe
water-solubleCacontentofnon-allophanicAndosolswasrelativelyhigherthanthatofallophanic
Andosols.Theapparentincrementinthewater-solubleCacontenttendedtodecreaseexponentially
withanincreaseintheallophanecontentofthesoil(Fig.6).Furthermore,oncomparingbetween
non-allophanicAndosolswithlessthan50gkg'ofallophanecontent,itwasdeducedthatthe
apparentincrementinthewater-solubleCacontentofliumicnon-allophanicAndosolswaslower
thanthatofnon-humicsoilsbyO.1cmohkg1.
Section3-3EffectsofPGapplicationtonurserymediapreparedfromAndosolson
growthandcalciumuptakeofmelonseedlings
BasedontheresultsofSection3-1,itwasclarifiedthatPGapplicationcouldsupplyCatocrops
withoutcausingsaltinjuryandcouldalsopromotetherootgrowthofcrops.Itiswellknownthat
themelonplant(CucumismeloL.)isacropwithahighCarequ五rementandthatrootdevelopment
inthisplantisakeytopromoteinitialgrowth.Therefore,consideringtheabove-mentioned
advantageousPGeffects,theeffectofPGapplicationtonurserymediapreparedfromAndisolson
thequalityofmelonseedlingswasexaminedinthissection.Threemelonvarietieswereusedinthis
experimentandPGwasappliedtothenurserymediaattheratesofO,2.0,4.0,and8.OgL-1.
PGapp猛cationincreasedwater-solubleCa至nthenurserymedia丘om1.7to5.2cmo1。L-1.Both
topgrowthandrootgrowthofmelonseedlingswereenhancedbyPGapplicationregardlessofthe
melonvariety(Tablel).AlthoughCauptakebymelonseedlingswaspromotedbyPGapplicationin
allthevarieties,therelationshipbetweenCauptakeandgrowthresponseofrootswasdifferent
amongvarieties(Fig.7).Consideringtherootgrowth,itwasdecidedthattheoptimumPG
applicationrateformelonseedlingsis4gL-i.
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Section3-4Relationshipbetweenthenutrientuptakeincucumberandtheroot
responsetopbosphogypsum叩Plication
IntheresultsstatedinSections3-1and3-2,theeff㏄tofPGapplicationonbothCasupplyand
rootgrowthofcropswasclarified.Inthissection,theeffectofPGonthegrowthofcucumberwas
examinedwithaspecialreferencetothesoil-plantinteraction.
ThepotexperimentwithallophanicAndosolswasconductedusingthecucumbervariety,
C〃o餅2ゴ55α∫'v〃5Lcv;Sharp-1.Calciumco血poundssuchascalciumcarbonate,ρalciumchloride,
andPGwereused,andtHeirapplicationrateswereO,0.15,0.3,0.6,1.2,and2.4CaOgkg'.
ThedryweightoftherootincreasedontheapplicationofbothcalciumchlorideandPG
comparedwiththatofthecontrol,regardlessoftheapplicationrate(Table2).Theamountof
・hi…ph・・e・・ildi価・ed・m・ng・xp・ ・im・nt・lpl・t・a・dib・・ea・edp・ P・丘量・nallywi止th・PG
applicationrate,reachingavalueapproximately4timesgreaterthanthatofthecontrol.Therewas
apositivecorrelationbetweentheamountofrhizospheresoilretainedbytherootsandCa/1'otal
cationratioofthesoilsolutionsatO.01%level(Fig.8).Furthermore,microscopicobservation
showedthatroothairwaswelldevelopedintheplantswithPGapplicationcomparedwiththeroot
hairinthecontrolplot.Fromtheresultoftheexaminationontherelationshipbetweenroot-related
factorsandthenutrientuptakeofCucumissativasL.,thebestcorrelationswasobtainedbetween
thenetamountofrhizospheresoilretainedbythecucumberrootandthenutrientsuptake,suchas
N,P205,Ca,andS.
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Ch叩ter4Reactionofphosphogypsuminpaddysoilanditsef猫ecton
cropgrowth
Section4-1E艶ctof凶osphogyps題mapPlicationonthechemica夏andpbysical
propertiesofthesoilsconvertedfrompaddyfieldandonthegrowthofsoybean
InChapter3,theeffbctivenessofPGonCasupplyinAndosolswasclarified丘omtheviewpoint
ofrootgrowth.Ontheotherhand,itisveryimportanttoimprovefieldpermeabilityinadditionto
Casupplyinthesoilsconvertedfrompaddyfield,inwherepoordrainagebecomesalimitingfactor
forastablesoybeanproduction.Therefore,inordertoclarifytheeffectofPGapplicationinthe
soilsconvertedfrompaddyfield,thefollowingexperimentswerecarriedout.
A.Effectofphosphogypsumapplicationonthechemicalandphysicalpropertiesof
thesoilsconvertedfrompaddyfieldsandontherootgtovvthofsoybean
TheexperimentwasconductedusingGヶ伽 ε 醒 αxLMiyagishiromeinthesollsconverted丘om
apaddyfeldinFurukawa,Miyagiprefectwe.Calciumcarbonate,powderyphosphogypsum(PPG),
andgranulatedphosphogypsum(GPG)wereappliedattherateofO.3MgCaOha1.
BothPPGandGPGapplicationremarkablyincreasedtheamountofwater-solubleCainsoil
comparedwiththecontrol.Ontheotherhand,themeasurementofthethreesoilphasesinthePPG
plotshoweda4.2%increaseinthegaseousphaseanda3.5%decreaseinthesolidphaseas
comparedtothecontrol.Thesoildispersionratiohaddecreasedsignificantlywiththeapplication
ofanykindsofCa-containingcompound.Theinfiltrationrateinthefieldwasmeasured,andthe
followingorderofdecreasingwaterpermeabilitywasobtainedbasedonthen-valueininfiltration
curves:PPG>GPG>calciumcarbonate>control(fig.9).Furthermore,theremarkabledecreasing
ofthestagnantwaterinthefurrowwasobservedinPPGplotaftertheheavyrainfall(Fig.10).
Topgrowthofsoybeansuchasthelengthofthemainstemanditsnodenumberwere
significantlyincreasedwithPPGapplication(Table3).Inaddition,thedescendingorderofthetotal
rootlengthcorrespondedwiththedescendingorderofthefieldpermeability.TheamountofCa
uptakebysoybeanplantwasincreasedinthePPGandGPGascomparedtothecontrol.Theresults
ofrootdistributionattheharvesttimerevealedthatrootdevelopmentwasverticallyandlaterally
promotedinthePPGplotcomparedwiththatinthecontrol(Fig.11).
B.Evaluationoftheeffectivenessofphosphogypsumindifferentsoiltypes
Intheprevioussection,itwasclarifiedthattheeffectofPGinthesoilsconvertedfromapaddy
field:However,itwaspredictedthattheseeffectswoulddifferamongthesoiltypes.Therefore,in
thissection,theeffectofPGonsoildispersionindifferentsoiltypeswasexaminedbyasimplified
methodthatmeasuresthefiltrationspeedinsoilsuspensions.PGwasappliedatratesofO,0.5,1.0,
and2.Ogkgt.EffectofPGonsoildispersionconsiderablydifferedamongthesoilsamplestested.
ThesuppressionofsoildispersionbyPGwasgreaterinnon-Andosols.Itwasalsoremarkably
higher,particularlyinTakadatesoilwithdominant2:1typeclayminerals.
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Section4-2Effectofphosphogypsumapplicationonthechemicalpropertiesofpaddy
soilandthegrowthofriceplants
Insection4-1,itwasclarifiedthattheeffectofPGinthesoi]sconvertedfromapaddyfield.
However,itisalsonecessarytoexaminetheeffectofPGinpaddyfields.Andtheinjuryinducedby
thegenerationofhydrogensulfidefollowingPGapplicationhasbeenconsidered.Therefore,inthis
section,bothpositiveandnegativeeffectsofPGonricegrowthwereexamined,particularlywith
respecttosoilsolutioncomponentsandtherootgrowthofrice.
A.Ef艶ctofphosphogypsumapp亘i6猛tiononthechemicalpropertiesof釦oodedsoil
andontheinitialgrowthofriceplants
TheeffectofPGontheinitialgrowthofriceplantswasexaminedusingfivesoilswithdifferent
colloidalcomponents.PotexperimentswerecarriedoutonOryzasativaL.Koshihikaribyusing
1/5000aWagnerpots,andtheapplicationratesofPGwereO,1.0,and2.Ogkgl.
NH4+concentrationinthesoilsolutionhadbeenincreasedwithPGapplicationcomparedwith
thatinthecontrol,irrespectiveofthesoilsampleused.Furthermore,thenumberoftillerinrice
plantstendedtoincreasewithPGapplication.Theextentofincreaseinthenumberoftiller
correspondedwellwiththeincreaseofNH4+inthesoilsolutions.
B.EffectofPGapplicationonthegrowthofriceplantanditsproductivity
Inthissubsection,theeffectofPGonriceproductivityandthehydrogensulfideinjuryduetothe
PGapplicationinapaddyfieldwereexamined.
Theexperimentwasconductedinapaddyfield(TypicMelanaquands)byusingOり切3α ∫∫vα.L.
Hitomebore.ThefieldswherePGwasappliedatarateofO(PGO),1.0(PG100),2.0(PG200),and
5.0(PG500)Mgha'wereusedasthemainplots,whilethosewithnitrogentopdressingwere
consideredassubplots.
Similartothepotexperiments,thenumberoftillerswithPGapplicationincreasedascompared
withthatinthecontrol,particularlyinthecaseofPG500(Fig.12).Thericerootswereclassified
accordingtotheirrootcolorpriortoheading,andtheratiooftheblackrootsapparentlyincreased
inproportiontotheamountofPGapplied(Fig.13).However,followingthestainingofacross
sectionofablackrootbyEvansblue,celldeathandmorphologicalchangesinthestelewerenot
observedmicroscopically.Therefore,itwasconsideredthattheproportionoftheblackrootwasnot
wellcorrelatedwithriceyield,andPGapplicationdoesnotnecessarilyinducehydrogensulfide
injury.Theearnumberandtotalnumberofunhulledriceincreasedinproportiontotheamountof
PGapplied,resultinginan8%increaseinbrownriceyieldinPG500(Fig.15).Additionaleffectsof
nitrogentopdressingonthebrownriceyieldwerealsoobservedexceptPG500plot.
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5.Generalconclusion
Thereactionofphosphogypsum(PG)insoilanditseffectoncropgrowthinAndosolsandother
soilsdistributedinanalluvialareawereexaminedwithspecialreferencetorootgrowth.Theresults
obtainedinthisstudyareasfollows:
1.ByexaminingthereactionofPGinalluvialsoils,itwasclarifiedthatthesoilpHdecreaseddue
toPGapplicationandtheextentofthisdecreasewasreflectedbytheamountofconstantcharge
inthesoils.
2.ByexaminingtheeffectofPGonCasupplyinAndosols,thefollowingaspectswereclarified:
(1)Theamountofwater-solubleCainthesoilcanbepracticallydeterminedandisusefulasan
indexofplant-availableCa.
(2)Theapparentincreaseinthewater-solubleCacontentwithPGapplicationwasinfluencedtoa
greaterextentbytheallophanecontentthanthehumuscontent.
(3)TheapplicationofPGtonurserymediapreparedfromAndosolsisapromisingmethodfor
supplyingCatomelonseedlingsandconsequentlypromotingrootdevelopment,andthe
optimumapplicationrateis4gL"'.
(4)PGapplicationcontributedtothenutrientuptakeofcucumberbyimprovingroothair
development,whichresultedinanincreasedamountofretainedrhizospheresoil.
3.ByexaminingtheeffbctofPGinboththesoybeansoilsconverted丘omapaddyfieldandthe
paddyfieldsoil,thefollowingaspectswereclarified:
(1)Powderyphosphogypsum(PPG)applicationwasdemonstratedtobeapracticaltechniquefor
improvingfieldpermeability.Further,itspromotionaleffectonrootgrowthcontinuedfromthe
initialgrowthstagetotheharvesttime.Moreover,itwasconfirmedthattheeffectofPGonsoil
dispersionwasthe-mostpronouncedinclayeysoilwithdominant2:1typeclayminerals.
(2)PGapplicationpromotestheinitialgrowthofthericeplantandshowsthepotentialtoincrease
riceproductivitywithandwithoutadditionalnitrogentopdressing.
Fromtheabovementioned,itwasclarifiedthatPGapplicationissignificantlyeffectiveon
supplyingCatocropsinAndosols,particularlyinallophanicAndosols,resultinginaconsiderable
improvementinrootgrowth.Furthermore,theeffectivenessofPGapplicationasbothaCasource
andanameliorantofsoilphysiologyinthesoilsconvertedfrompaddyfieldsaswellasthe
possibilityoftheuseofPGinpaddyfieldswereclarifiedbyconsideringitspositiveandnegative
effectsonricegrowth.
一74一
??
?
?
??
?
?
?
?
?
?
?
?
?
?
?
?
?
??
?
?
10
????
。?
?
。
?
?
??
?
?
?
?
?
?
?
?
?
?
?
4 6 8
?
?
?
?
?
?
?
?
?
?
?
?
?
●
●
0 z
ApplicationrateofPG(gkg一')
Fig.1ChangesinpHofdifferentsoiltypes
withPGapplication
●
?
?
●
■
●
●
y冨2t5電4x噛0.7966
R2嵩0.620竃禽
0.00.20.40.60.8
ApparentdecreasedpHpGo-pHpGてD
Fig.2Relationshipbetweentheconstantchargeofsoil
andsoilpHchanges
??
?
?
?
?
?
??
?
?
?
??
?
??
?
??
zo
15
10
5 ,95'
G〆'"
..〆 ノ ◎
e.一 ・・ζ.二∴:"
,,::=で・ 甲
Fig.3
za
15
10
5
??
?
?
??
?
?
???
?
?
ExchangeableCa
00
0.00.51.01.52.O
Applica星ionrateofCama㎏rials(CaOgkg・1)
Changesintheexchangeableandwater-solubleCainsoil
withapplicationofCamaterials
二::=灘辮 一 一 に 翻認G'
??
?
??
?
?
?
?
?
?
?
?
?
?
↑?
?
?
?
?
?
40
30
20
10
0
y=7.653Ln(x)+6.8632
RZ=0.8461
●
●
05101520
W訓e卜solubleCa(mmo㌧kg辱て)
Fig.4Relationshipbetweenthewater-solubleCa
insoilsandCauptakebyβ個ss'ca給 ρaL
◆:Control■:CalciumCarbonate●:Phosphogypsum
???
?
?
?
?
?
?
。?
?
?
4
3
2
1
a
/
iP
/!
!!
/!
/!
!!
汐!
〃多
Kawatahiew
KawatabiA2
KameokaAl
KameokaB
KameokaA2
0.00.51.01.5
AmountofPGapplied(CaOgkg一')
Fig.SEffectofPGapplicationonthewater-solubleCa
inAndisols
一鱒(∋駒脚:KawatabiA2圃 昏 ・lKawatabiBw
→ 一一:KameokaA{一 一●一:KameOkaA2一 ■卜一:KarneokaB
???
。?
?
?
?
?
?
?
?
?
?
?
??
?
?
?
?
?
?
?
?
??
??
?
0.5
0.4
Q.3
os
0.1
0.0
●
0
●
●
0 200400600
Allophaneconten重(gkg層1)
Fig.6Relationshipbetweentheallophanecontentand
灘 亨鵯鷲 器 翻 櫨鷺sobbbCa
Apparentincreaseamountinwater-solubleCa(dw-Ca):w-CaPGO.3-w-CaPCo
O;To重alcarboncontent≧50gkg-1●;Totalcarboncontent〈50gkgh竃
一75一
Table1EffectofPGapplicationonthegrowthofmelonseedlings
at24daysaftersowing
Dryweight(gplant')
zou
Vari曲esTroa㎞o"腔しeafPlant隔e匁h電
number(cm)
飛
旧緬
00
こ150
a
Top Roal
Amus
PGG
PG2
PG4
PG8
3.4a
3,3a
3.5a
3.5a
17.5a
19.2a
22.てa
で9.6a
7.84aO.40ab
1.78aO.38ab
2.15bO.54c
2.03abO.436
?
?
?
?
?
?
?
?
誓 、。。」
?
?
?
』
?
?
6.4
8.5
4.B
5.1
50
Earl's
PGO
PG2
PG4
PG8
3.5a
3.7a
9.7a
3,6a
餌.Oa
歪2.4a
掴.7a
で4.2a
1.92bO.30a
2.05bO.32a
2.28bO.47c
2.23bO.Mc
a
_息鴨σ
PGO
h爾doI脇hirnaPG2
PG4
PG8
4.2a
t.3a
t.3a
4.2a
36.5a
38.5a
42.1a
40.8a
2.34bO.37h
2.40bO.45be
2.45bO.50c
2.44bO.44be
s.a
5.3
4.9
5.8
D8国ar●8寵pr●55●da5駈1◎m麟罰糞5佃nd8rdd闘凹㎞09釦園覧に凶Gd㎞.
M8貿16w曲掴1GSεm●lo㎞α◎noヒ6i甲顧馳田tり㎝ 酬蝋a舳5鮎 ㎞d吋S6h●骨o㌔5F幡t.
●
507090110
Ca既μak㊤罰皿o馴o重
(国㎎ 幽or翫)
Amusu
Fig.7
ma
150
量00
50
0
..層..・
●o
507090110
c8臨P臨k艦8mo凹"重
(㎎ 凶 畔 り
Ea目'S
200
150
ioo
50
0
●
o
.o
507090110
C8脳P翰臨2amoun重
(m即置囮の
Midorishima
RelationshipbetweenCauptakeandroot
growthofmelonseedlings
Therelativerootgrowthisexpressedastheincrementagainst
controlindrymatterweightofroot.
Ta61e2ETfectofdifferentCasalesaoolicationoncucumbergrowth
E箕pe樋rn飢絶1函ots
Casource
Le㎡P量antheig厭
ハP函i6曲nra㎏number(cr"}
(CaO撹'1
Dryw面9ht
`opl即ゼ1}
Top Root ??
?
」
?
??
???
?
」?
?
??
?
?
?
?
??
?
?
?
iza
toa
Control 6.Ya62.Oa 2.92a 0.181a
C団domca由onate 0.書5
0.3
0s
翫2
2.1
6.3a
6.3a
6.3a
6.4a
6.3a
61.4a
60.5a
szse
63.9a
62.8a
2.85a
292置
2.93s
3.07a
3.02a
o.伯4a
O211a
O.213a
O.213a
O.199a
SO
60
C創C`umdllo酒de 0.15
0.3
as
12
2A
6.2a
s.za
s.za
8.2a
s.za
66Ae
56.5a
56.Oa
54.6a
60.4a
298a
zate
2,76a
2.esa
2.78a
0.233a
O217a
O.210a
O22a
O228a
40
20
a
Phosphopypsum 0.15
0.3
0s
1.2
2.1
6.2a
6.1s
6.3e
6.2a
8.2a
53.Oe
56.4a
59.7a
58.7a
59.Ea
3.70a
3.03a
3.11a
3.21e
2.91a
0.155a
O.235a
O224a
O.2竃3a
o.tesa
●
回 目
▲
y=17.865Ln(xl+101.03
R2召0,6811融脅 ●
▲ ▲
0.00.10.20.3
Ca/Totalcationratioofsoilsolutions
罷昌5.Tu虻ey{P〈0.05)
0.4
Fig.8Relationshipbetween廿1eCa!「Cratioin廿1esoilsolution
andtheamountofrhizospheresoilretainedbytheroots
ofC乙50um'ssθf'vasし.
◆;Con繍ol■;CalciumCar㎞ate▲;CalciumChlO貞de●;PG
?
?
?
?
?
??
?
?
?
?
?
?
?
?
??
?
?
?
?
」?
?
?
?
?
》
?
?
??
?
?
?
OP陀
DGPG
DColc蒼"mc
Oco庶
D=0.478To.aaea(R2=0.9405)CONT.
Dc8c6由o』atoニ0.614To4288(R20.9042)
DppG=0.190To'8983(R20.9916)
DGpG=0β17丁o心381(R20.9568)
bOh猷己
1謙t
1 て0{00
Time(min.)
lr面鰍 ㎞capac靭
1000
Pem旧dbieso鵠
,mpem81めleso翻
nvalueZO.8
nvaluesOs
Fig.91nfiltrationcurve
'MeasurementundertheconditionofO.49m3m-3involumetricwatercontent.
**Datashowsthemeanof5replications.
一76一
響・F、g.1。さ繭1蕊 品,6拍gna,。d陥,。,
at2hr.afterheavyrainfall(35mmprecipitation)
蟷競'蹴 斎4逼…駈'..』.鹿・...∴.'.窯議 嚥;.頴.㍗.,.,、留.・1・雄毒.・.'一・・.・・:・1i.....∵`:・・仁・.・・.ドP.-
滋 三lll滋ジ1411ジ1♂:㌧2、「`..・ 曳
.一 「.
..』.'.・..・2.{:』11・.ご....,1ご.....で.去.二'
.
.....イ 「.』.」..
4
一 ノ ー 一ノ
;.. ..1,Con廿Ol.}.粛.L.「 「[1…1、'くつ∩ ∩4、..r卜 「u
Table3Effectofphosphogypsumapplicationonthegrowthofsoybean
Applbadon
ice
(CaOMgha"')
LengMof
themainstem
(cm)
Nodenumberof
鱈鴇mainstem
伽mberPlant司)
Total
rootlength
(mplanC'J
DryWeigh
Treatment ShootRoot ShoatRoot
(9Planf')
Nodule
Con馳I
Calciumca巾㎝ 就9
PPG
GPG
?
?
?
?
19DAS34DAS84DAS
12.7a
悟3.3a
12.8a
13.2a
34.1a
38.Oa
35.Oa
36.2a
94.4a
99.6aヒ
102.36
99.4t
fgDAS34DAS
2.4a7.7a
2.4a7.9a1.
2.4a7.8a
2.4a7.9a
84DAS
18.8a
17.Oa邑
17.8b
17.4ab
igDAS
9.78a
11.1a6
13.肇b
11.6ab
19DAS
0.60aO.0957a
O.80aO.111a
O.64aO.122a
O.68aO.132a
59.7a
54.4a
73.3a
88.2a
124DAS
4.88aO.158a
4.43aO.'155a
6.50aO.197a
5.63aO.128a
Dataareexpressedasthemeantstandarddeviation(n=4).
M8answi愉thesameIe賦erarenotsig面価can腫ydi「h∋田ntat崩e59も1evelbySche馳'sFtest.
DAS:Daysaftersowing.
Ridge
Underground
C
0昌15cm
16-30cm4
314翫皿 繊 、
〕 〕L/
20cm20cm20cm
L____ノ〕 〕
20cm20cm20cm
Control PPG
Fig.11Rootdevelopmentof
soybeanattheharvest(n=3)
Calcificationbydryweight
oftheroot(gplanY')
>0.8
0.6-0.8
0.4-0.6
0.2-0.4
0.1鞠0.2
<0.】
_77_
?
?
」?
?
?
?
??
?
?
?
?
??
?
??
?
?
?
?
?
」ー
?》
?
306090120
Daysaftertransplanting
Basaldressingonly
?
」??
」?
??
?
」?』
?
??
a
?
?
?
?
?
?
?
?
?
?
?
?
Nitrogentopdressing
1
0308090120
Daysaftertransplanting
Basaldressing+Topdressing
Fig.12Changesinthenumberoftiller
O:PGO▲;PG100口:PG200●:PG500
〔?
?
?
?
?
?
?
?
?
?
?
??
?
?
???
?
?
?
?
?
?
?
?
?
PGOPG100PG200PG500
Fig.13Theratioofdifferenttypesofriceroots
園=Redroot圏:S罰9h廿yblaokroot目=P日r髄alUackroot
■=日hckroot[コ:Rotb8drOO重
?
?
??
?」?
RedrootBlackroot
Fig.14Transversesections'ofricerootsstainedbyEvansblue
'Transversesectionsthroughthematurationzoneinuppernodeof
crownroots.
?
??
?
?
?
?
?
?
??
」?
600
500
400
300
200
100
0
PGOPG100PG200PG500
Fig.15Comparisonofbrownriceyield
図;Basaldressingonly目:Basaidres6ing+Topdressing
FishefsPSLD(<0.05)
_78_
論 文 審 査 結 果 要 旨
リン酸は高等植物の生育にとって三大要素の1つ として重要視 されている。 とりわけリン酸固定能
の大きな火山灰土壌が多い我が国畑作農業にとっては栄養分 とい うより土壌改良剤 として使われてきた。
本論文で対象 とするリン酸石膏はそのリン酸製造過程で リン酸の約5倍量が副生する。リン酸石膏は,
我が国では石膏ボー ドとしての使用が認められているが,諸外国では含まれる微量の放射性元素のため,
農業以外の利用は禁止され,山 積み されている。そこで申請者 はわが国の主要な耕地土壌である沖積
土 と黒ボク土におけるリン酸石膏の土壌反応性 と農業利用を検討 した。
まず,第1に,沖 積土と台地土に対するリン酸石膏の反応性を検討 し,リ ン酸石膏施用量に応 じて
土壌pHが低下す ること,土壌pHと土壌 の一定荷電には負の相関があること,土壌溶液Alの増加量
は交換性Alの1割以下であることを明らかにした。
第2に,リ ン酸石膏や炭カルなどの石灰資材の施用効果 を検討 し,土壌 のCa可給度は,従 来用い
られてきた交換性Ca量より,水溶性Caの方が適切であることを明らかにした。またリン酸石膏施用
に伴 う水溶性Caの増加は,非 アロフェン質黒ボク土で顕著であり,水溶性Ca量は,ア ロフェン含量
や腐植含量 とも密接に関係することを明 らかにした。
第3に,リ ン酸石膏のメロン育苗培土への施用効果を検討 し,メ ロン根の発生や伸長促進に効果が
あることを明 らかにした。またキュウリ根についても,Ca栄養や根張 りの改善に顕著な効果があるこ
とを明 らかにした。
第4に 水田転換畑におけるダイズ栽培の問題点を明らかにし,石膏施用によって,沖 積土の透水性
や保水性の改善あるいはCa可給度の増強を通 じて,根 粒の着生,乾 物生産が促進 され ることを明ら
かにした。
第5に,水 稲栽培におけるリン酸石膏の影響を検討 し,水稲 の初期生育,分 ゲツ促進,ひ いては玄
米収量向上に顕著な効果が見 られることを明らかにする反面,過 剰施用は硫化水素による根腐れ発生
の危険性があることを,根組織の着色度 と精密な顕微鏡観察か ら明 らかにした。
このように申請者 は,我が国の代表的耕地土壌におけるリン酸石膏の反応性 と植物のCa栄養改善,
土壌チルスの改善を通じて,リ ン酸石膏が作物の収量性改善に大きく貢献することを明 らかにした。
これの知見や技術は リン酸石膏の農業的有効利用 に大きく貢献するものであ り,審査員一同は申請者
が博士(農 学)に価すると判定した。
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